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Computed tomographyAbstract Background: Although the plain radiograph and computed tomography remain
undoubtedly the primary imaging modalities in the investigation of pneumonia, ultrasound can play
an important complementary role, in the diagnostic workup of the patients, and in their subsequent
management.
Objective: To compare the accuracy of LUS with those of CXR and CT imaging in the diagnosis
of pneumonia and compare color Doppler sonography and computed tomography (CT) for pre-
dicting necrotizing pneumonia.
Methods: Thirty-one patients with clinical suspicion of pneumonia were assessed by chest radio-
graphy, CT and sonography. Quantitative and qualitative sonographic examinations of the lesions
were performed using grayscale and color Doppler imaging. The correlation between the color
Doppler and CT ﬁndings was determined.
Results: LUS showed a high sensitivity (100%) and speciﬁcity (93.8%) and diagnostic accuracy
was 96.8% in the diagnosis of pneumonia ‘‘which extend to pleural line”. It was almost a perfect
agreement with CT ﬁndings (K= 0.93). The sensitivity of chest X-ray was low (60%). It was mod-
erately in agreement with CT ﬁndings (K= 0.608). A signiﬁcant change was seen in the ﬂow pattern
in comparison to the severity of necrosis by CT (P value = 0.038).
Conclusions: Lung ultrasound imaging for the detection of pneumonia is highly accurate. Based
on our results, LUS is a valid alternative for the diagnosis of pneumonia. By combined qualitative
and quantitative impedance measurement, PA and bronchial artery (BA) can be differentiated from
each other. Flow pattern of pulmonary arteries which was found in most of our cases was an indica-
tive of benign lesions.
 2015 The Egyptian Society of Chest Diseases and Tuberculosis. Production and hosting by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).
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Pneumonia is considered a major healthcare and economic
problem with a considerable effect on morbidity and mortality
worldwide [1]. The incidence of community acquired pneumo-
nia has remained constant over the last few decades affecting
3–5 people per 1000 person/year, predominantly among the
young and elderly [2,3].
The diagnosis of pneumonia is made by a constellation of
suggestive clinical features such as tachypnea, fever, and respi-
ratory rales or reduced breath sounds on auscultation [4].
There is a strong consensus that chestX-ray (CXR) should be
performed in all patients admittedwith suspected pneumonia [5]
because medical history and physical examination cannot pro-
vide sufﬁcient evidence [6]. In emergency settings, however, the
use of CXR may have major limitations due to patient condi-
tions, waste of time, and interobserver variability [7].
Chest CT scan, considered the gold-standard imaging
approach for pneumonia, has its own limitations: it is expen-
sive; impractical, especially in the critically-ill; and, has higher
radiation exposure than CXR [8,9].
Use of lung ultrasound (LUS) has long been limited to the
diagnosis of pleural effusions, thoracentesis and biopsy-guided
procedures; however, it has recently been shown to be highly
effective in evaluating pulmonary conditions [4,10].
The use of LUS has gained popularity in intensive care
units (ICUs) and EDs in the last decade, and has become
increasingly recognized as a potentially useful diagnostic
approach for community-acquired pneumonia [11,12].
The usefulness of US is in the differentiation of pleural
abnormalities from pulmonary parenchymal lesions; when
both pulmonary and pleural lesions are present, distinction
between these two lesion types is not always easy at chest
radiography [13].
Information about vascularization may be obtained by
qualitative color Doppler sonography, by spectral curve anal-
ysis and by contrast enhanced sonography (CES). Pneumonia
shows enhanced, tree-like vascularity extending from the cen-
ter to the periphery [14].
Quantitative analysis of ultrasonography is an objective
method that has been clinically applied to different organs
but not yet to lungs [15].
Corradi et al. [16] reported that, quantitative lung ultra-
sonography (QLUS) proved to be an accurate method to eval-
uate extravascular lung water in a model of pulmonary edema.
It can be hypothesized that QLUS may also be useful for the
detection of pulmonary consolidations of different origins [17].
The aim of this prospective study was to assess whether
lung ultrasonography could be an alternative to bedside chest
radiography for diagnosing pneumonia, also, was to compare
the accuracy of LUS with those of CXR and CT imaging, and
lastly, was to evaluate the evidence and frequency of different
arterial supplies of different pneumonic lesions especially
pneumonia and lung abscess using qualitative and quantitative
color Doppler sonography.
Patients and methods
Thirty-one adult patients were recruited and were admitted
during the period from October 2013 to August 2015 in the
pulmonary department of Minia University Hospital.Inclusion criteria were as follows: enrollment of adult
patients aged P18 years with clinical suspicion of pneumonia
based on respiratory symptoms and signs, and evaluation of
pneumonia based on a combination of clinical data, laboratory
results and chest imaging (lesion extend to pleural line) by
CXR or a chest CT scan.
Exclusion criteria
The possibility of adult respiratory distress syndrome and
patients with heart disease (CHD) were excluded from the
study to rule out pulmonary edema secondary to heart
disease.
The study was approved by the local ethics committee
All included patients were subjected to:-
– Detailed history, and examination.
– Laboratory investigations including complete blood count,
sputum, pleural ﬂuid analysis and culture for AFB and
other microorganisms.
– Chest radiography: The extent of lung injury was assessed
as the number of lung regions with radiologic signs sugges-
tive of alveolar consolidation.
CT scans were obtained by a CT (GE BRIGHT SPEED),
16 detectors scanner (General electric Healthcare, USA).
Reconstruction parameters were 5.0 mm slice thickness and
medium smooth convolution kernel (B41s).
The CT ﬁndings on necrotizing pneumonia (NP) included
the following:
(1) a consolidated area without loss of volume,
(2) a necrotic radiolucent image within the consolidated
area, and
(3) the lack of contrast enhancement in CT after contrast
administration. The severity of lung necrosis was deter-
mined by analyzing the relative ratio of the necrotic
radiolucent space to the total consolidated lung area cal-
culated using ImageJ, Version 1.47 (National Institute
of Health, USA). This novel approach was a modiﬁca-
tion of the method for estimating the volume fraction
of acute lobar nephronia [18]. Necrotic areas were cate-
gorized as mild (N1) if the ratio was less than 30%;
moderate (N2) if the ratio was between 30% and 80%;
and massive (N3) if the necrotic area was more than
80%.
Lung ultrasonography was performed immediately after
the chest radiography, with a Philips, Clear Vue 350 Ultra-
sound Systems and a linear (5–12 MHz), and convex (curved)
2–5 MHz transductors. Patients were examined in the supine
or sitting position, as clinically appropriate. Grayscale ultra-
sound was used ﬁrst to localize the whole lesion, and then a
color Doppler ultrasound examination was added.
Color ﬂow imaging may be helpful in characterizing the
lesion by demonstrating the vascularity and ﬂow pattern.
The perfusion of consolidated lung was classiﬁed into var-
ious degrees of central vascularity based on the qualitative
assessment of the area of color ﬂow as follows:
Table 1 Demographic and clinical data of participants.
Characteristics
Age (mean ± SD) years 47.61 ± 12.67 range
(27–65 years)
Gender N (%)
Male 17 (54.8%)
Female 14 (45.2%)
Initial presentations N (%)
Cough 31 (100%)
Expectoration 30 (96.8%)
Hemoptysis 14 (45.1%)
Chest pain 16 (51.6%)
Dyspnea 12 (38.7%)
Toxic ﬁndings 19 (61.3%)
Fever (mean ± SD) 38.36 ± 0.64
Tachypnea (breaths/min > 20) 23 (74.2%)
Stony dullness 12 (38.7%)
Fine crepitation 27 (87.1%)
Bronchial breathing 10 (32.3%)
SO2% (mean ± SD) 87.03 ± 5.35
Final diagnosis N (%)
Pneumonia 6 (19.4%)
Pn. + PE 16 (51.6%)
Abscess 7 (22.6%)
Abscess + PE (empyema) 2 (6.5%)
Types of infection N (%)
Acid Fast Bacilli 7 (22.6%)
Pyogenic infection 24 (77.4%)
Hospital stay (mean ± SD) days 12.74 ± 3.71
Data are presented as median ± SD, n/N (%), and No. (%), unless
otherwise indicated.
Tachypnea > 20 breaths/min.
PE = pleural effusion.
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tributed tree-like vascularity.
(2) Decreased perfusion (P1): deﬁned as less than 50% of an
area with typical tree-like vascularity.
(3) Poor perfusion (P2): deﬁned as no recognizable color
Doppler ﬂow [19].
Qualitative color Doppler sonography (CDS) was done for
the classiﬁcation of ﬂow direction by means of spectral curve
analysis and pulmonary and bronchial artery can be differen-
tiated [20].
Quantitative measurement of:- (1) Resistive Index (RI) and
(2) Pulsatile Index (PI), (3) Peak Systolic Velocity and End
Diastolic Velocity was performed for all FS studied.
Statistical methods
The collected data were coded, tabulated, and statistically ana-
lyzed using SPSS program (Statistical Package for Social
Sciences) software version 20.
Descriptive statistics were done for numerical data by
mean, standard deviation and minimum & maximum of the
range, while they were done for categorical data by number
and percentage.
Analyses were done for parametric quantitative variables
using a one way ANOVA.
Chi square test was used for qualitative data between
groups.
Correlation between two quantitative variables was done
using Pearson’s correlation coefﬁcient. While correlation
between qualitative ordinals variables was done using non-
parametric Spearman’s rho correlation coefﬁcient.
Correlation coefﬁcient ranges from (0–1):- weak (r=
0–0.24), fair (r= 0.25–0.49), moderate (r= 0.5–0.74), strong
(r= 0.75–1).
Cross tabulation was done for the estimation of sensitivity,
speciﬁcity, PPV, NPV and diagnostic accuracy.
Measuring of Kappa was done to estimate the agreement
between different methods. The degree of agreement differs
according to the value of Kappa, poor (k 6 0), slight
(k= 0.01–0.2), fair (k= 0.21–0.4), moderate (k= 0.41–0.6),
substantial (k= 0.61–0.8), almost perfect (k= 0.81–1).
The level of signiﬁcance was taken at (P value 6 0.05).
Results
Demographic data of participants
Thirty-one adult patients were included in this study; 14
(45.2%) females and 17 (54.8%) males, their ages ranged from
27 to 65 years with a mean ± standard deviation (SD) of
47.61 ± 12.67 years.
The clinical, and laboratory data of all studied patients
were shown in Table 1. The variable features of consolidated
pneumonia by chest X-ray, CT and gray scale US were demon-
strated in Table 2, Figs. 1A–E, and 2A–C. The most character-
istic CT ﬁndings were the extension of the consolidation to
affect only one lobe or less in 19 cases (61.3%) or P2 lobes
in 12 cases (38.7%). Pleural affection in the form of thickening
was reported in 7 (22.6%) and pleural effusion was in 12 cases
(38.7%).To evaluate the severity of lung necrosis, we assessed the
CT ﬁndings on all studied patients. In total, 11 cases
(35.5%) had no necrotic lesions (N0) (Fig. 1D and E), 7 cases
(22.6%) had minimal necrosis (N1), 3 cases (9.7%) had mod-
erate necrosis (N2) (Fig. 2A), and 10 cases (32.3%) had severe
necrosis (N3).
In Table 3:- in cases of pneumonia complicated with effu-
sion, the sensitivity of chest X-ray was low (60%) and diagnos-
tic accuracy was 83.3%. It was moderately in agreement with
CT ﬁndings (K= 0.608). On the other hand, LUS showed a
high sensitivity (100%), speciﬁcity (93.8%) and diagnostic
accuracy of 96.8%. There was a perfect agreement with CT
ﬁndings (K= 0.93). As regards the detection of lung abscess
with effusion, by CXR the sensitivity decreased to 50%, and
Kappa = 0.652, while using LUS the sensitivity, the speci-
ﬁcity, PPV, NPV and the diagnostic accuracy were high
(100%). Also, there was a perfect agreement with CT ﬁndings
(K= 1).
A signiﬁcant dependence was observed after evaluating the
degree of perfusion impairment and the severity of necrosis
(P value < 0.001). The majority of our patients (67.7%) have
pulmonary arterial blood supply and show a predominantly
triphasic ﬂow (Fig. 1B and C). Bronchial arteries reveal a
monophasic ﬂow and they were found only in 5/31 cases
(16.1%). A signiﬁcant change was seen in the ﬂow pattern in
Table 2 Radiological ﬁndings of all studied patients.
No. (%)
1 – CXR:
Opacity 22 (71%)
Air bronchogram 20 (64.5%)
Loss of lung volume 4 (12.9%)
Pleural eﬀusion 15 (48.4%)
Fluid level 9 (29%)
2 – Ultrasound findings
Air bronchograms 31 (100%)
Irregular and serrated margins 28 (90.3%)
Breath dependent motion 25 (80.6%)
Hypoechoic lesion (HL) 7 (22.6%)
Thickening of the pleura 8 (25.8%)
Pleural eﬀusion
Free of int. echoes 18 (58.1%)
With int. echoes 8 (25.8%)
Perfusion
Normal perfusion (P0) 10 (32.3%)
Decreased perfusion (P1) 16 (51.6%)
Poor perfusion (P2) 5 (16.1%)
3 – Chest CT
Opacity with air bronchogram 31 (100%)
One lobe 19 (61.3%)
2 or more lobes 12 (38.7%)
Air ﬂuid level 9 (29%)
Inﬁltration of the pleura 7 (22.6%)
Pleural eﬀusion 14 (45.1%)
Necrosis level
N0 11 (35.5%)
N1 7 (22.6%)
N2 3 (9.7%)
N3 10 (32.3%)
P0 = normal perfusion; P1 = decreased perfusion; P2 = poor
perfusion; HL = hypoechoic lesion; N0 = no necrosis;
N1 = minimal necrosis; N2 = moderate necrosis; N3 = massive
necrosis.
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(Fig. 2B and C). On the other hand, quantitative CDU values
mainly, Resistive Index (RI), Pulsatile Index (PI), Peak Sys-
tolic Velocity (PSV) and End Diastolic Velocity (EDV) showed
insigniﬁcant changes in different degrees of necrosis by CT
(Table 4).
A good signiﬁcant correlation was noticed between oxygen
saturation (severity of hypoxemia) and the duration of hospi-
talization, level of perfusion by US and degree of necrosis by
CT (Table 5). Hospital stay was signiﬁcantly correlated with
changes in perfusion by US and severity of necrosis by CT
(Table 6).
Discussion
According to American Thoracic Society consensus guidelines
2007 [5], in our study, pneumonia was clinically suspected on
the basis of cough with expectoration which were found in
almost all cases (>95%), dyspnea (12 cases (38.7%)), associ-
ated with body temperature >38 C, tachypnea
>20 breaths/min (74.2% of the cases), rales or crackles on
auscultation (87.1% cases), and abnormal oxygen saturation
(87.03 ± 5.35).Despite a long-held belief that physical examination ﬁnd-
ings and proper auscultation are sufﬁcient to rule in, or out,
the presence of pneumonia, multiple pressures in clinical prac-
tice have driven increased use of chest radiography and occa-
sionally CT. The physical examination has proved to be
unreliable for the detection of pneumonia, even in expert
hands [21].
During the last decade, diagnosis of pneumonia by chest
CT has become more common, given the increasing numbers
of CT scans performed to rule out other diseases such as pul-
monary embolism [22].
In this study, the occurrence of NP was as high as 65.5%
when cases were diagnosed on the basis of necrosis recognized
using chest CT.
In a large adult series of pneumococcal pneumonia, the
incidence of necrotizing changes was estimated at approxi-
mately 6.6% [23]. The discrepancy was due to an increase in
the percentage of tuberculous pneumonia (22.6%) and lung
abscess with and without pleural effusion (29.1%) in our cases.
In our work, the gray scale US showed features of consol-
idated pneumonia as nearly all patients (P90.3%) showed
hepatization of lung tissue similar to appearance of the liver
and air bronchogram (bright dots) with irregular and serrated
margins. In addition breath dependent motion was seen in
80.6% cases.
Reissig et al. [24] reported that parenchymal criteria of
CAP have echo poor echogenicity and an inhomogeneous
echotexture. The most characteristic sign is a positive air bron-
chogram, which is detectable in about 70–97% of the cases
[24,25]. About 98–100% of lesions show a breath-dependent
motion. The margins of such areas are mostly irregular and
blurred, and they are mostly polygonal (43–51%) or oval
(40–46%) and not sharply demarcated [24].
Michael reported that consolidation and dynamic air bron-
chograms have the highest speciﬁcity for pneumonia [26].
In the current study, regarding the diagnosis of pneumonia
complicated with effusion, the sensitivity of chest X-ray was
60% and diagnostic accuracy was 83.3% in agreement with
CT ﬁndings (K= 0.93).
One of the most clinically frustrating aspects of searching
for pneumonia with chest radiography is the relatively low
accuracy of this traditional imaging standby [30]. Various
studies have found the ultrasound sensitivity for diagnosing
alveolar consolidation to be 90% and speciﬁcity to be 98%.
Moreover, bedside chest X-ray was often inappropriate for
diagnosing pneumonia, especially in the Emergency Depart-
ment [12,27,28].
In contrast to this study, Francesco et al. [17] found that the
sensitivity of LUS in identifying parenchymal consolidation
was much lower than that previously reported (59 versus 88–
95%) [22,27,29]. In a previous study of critically ill patients
[30], LUS had a very high accuracy in detecting consolidations
due to different causes, which was explained by the fact that
most of these reached the pleura. In fact this study shows that
the accuracy of LUS depends on the distance from pleura and
size of consolidation, conﬁrming a very high accuracy only in
the case of consolidations <4 mm from pleural line. Most
cases of pneumonia in the present study (up to 98%) contacted
the pleura.
In our study, by LUS we found 25.8% of the cases had sep-
tated effusions. Parapneumonic effusions are often character-
ized by mobile or immobile ﬁbrous strings and septi [31].
Figure 1 (A) CXR revealed basal opacity with obliterated costophrenic angle (red arrow). (B) US showed basal wedged shaped opacity
(blue arrow). (C) Color Doppler showed triphasic pulmonary artery waveform. (D and E) Axial CT sections revealed right basal lung
consolidation (yellow arrow), bilateral pleural effusion and pericardial effusion.
Figure 2 (A) Axial CT pulmonary window showed right basal opacity with air ﬂuid level, moderate necrosis, N2 (yellow level). (B) US
gray scale and (C) color Doppler hypoechoic lesion with color ﬂow within (black arrow).
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dard in the evaluation of lung consolidations, it is indicated
only in a limited number of patients admitted to hospital for
suspected pneumonia, that is, in those with severe signs andsymptoms of pneumonia, suspicion of severe complications,
worsening of symptoms, discrepancy between imaging and
clinical ﬁndings, or particularly extensive consolidations at
CXR [32].
Table 3 Diagnostic accuracy of imaging methods for pneumonia.
CT S Sp PPV NPV DA K
+ 
Opacity + air bronchogram CXR+ 7 1 100 95.8 87.5 100 96.8 0.912
CXR 0 23
LUS+ 6 0 85.7 100 100 96 96.8 0.903
LUS 1 24
Opacity + air bronchogram + eﬀusion CXR+ 9 0 60 100 100 72.7 83.3 0.608
CXR 6 16
LUS+ 15 1 100 93.8 93.8 100 96.8 0.936
LUS 0 15
Air ﬂuid level (abscess) CXR+ 7 1 100 95.8 87.5 100 96.8 0.912
CXR 0 23
LUS+ 7 0 100 100 100 100 100 1
LUS 0 24
Abscess + PE CXR+ 1 0 50 100 100 96.7 96.8 0.652
CXR 1 29
LUS+ 2 0 100 100 100 100 100 1
LUS 0 29
NA: not applicable; S: sensitivity; Sp: speciﬁcity; PPV: positive predictive value; NPV: negative predictive value; DA: diagnostic accuracy;
K: Cohen’s test.
Table 4 Contingency of color Doppler LUS and computed tomography features.
Vascularity and ﬂow signals Simple Pn. N0 (n= 11) Necrotizing Pn. (N1, N2) (n= 8) Abscess + N3 (n= 12) P value
Qualitative CDU
Flow signal solitary vessels
Normal perfusion (P0) 10 (90.9%) 0 (0%) 0 (0%)
Decrease perfusion (P1) 1 (9.1%) 8 (100%) 7 (58.3%) <0.001*
No vascularity (P2) 0 (0%) 0 (0%) 5 (41.7%)
Pattern of flow
No vascularity total 5/31 (16.1%) 0 (0%) 0 (0%) 5 (41.7%)
Monophasic total 5/31 (16.1%) 3 (27.3%) 1 (12.5%) 1 (8.3%) 0.038*
Triphasic total 21/31 (67.7%) 8 (72.7%) 7 (87.5%) 6 (50%)
Quantitative CDU N= 11 N= 8 N= 7
(1) Resistive Index (RI) 0.89 ± 0.21 0.86 ± 0.13 1.04 ± 0.36 0.312
(2) Pulsatile Index (PI) 2.79 ± 1.88 3.21 ± 3.27 3.51 ± 2.77 0.845
(3) Peak Systolic Velocity (PSV) 22.84 ± 10.39 19.61 ± 14.21 23.79 ± 8.16 0.743
(4) End Diastolic Velocity (EDV) 3.78 ± 2.83 1.95 ± 1.55 2.67 ± 1.86 0.229
Pn. = pneumonia, N0 = no necrosis; N1 = minimal necrosis; N2 = moderate necrosis; N3 = massive necrosis.
* P 6 0.05 = signiﬁcant.
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changes in pulmonary consolidations have rarely been investi-
gated previously. Using color Doppler US, the blood ﬂow and
perfusion in pulmonary consolidations can be easily demon-
strated. Color Doppler ultrasound is the only imaging modal-
ity capable of assessing the vessel signals in peripheral
pulmonary lesions [33].
In the present study, the majority of our patients (67.7%)
have pulmonary arterial blood supply and show a predomi-
nantly triphasic ﬂow. On the other hand, we noticed that bron-
chial arteries reveal a monophasic ﬂow and they were found
only in 5/31 cases (16.1%). In pulmonary consolidation, Yang
et al. [34] found that Doppler ultrasound was excellent in
demonstrating blood ﬂow present in the pulmonary
vasculature.Yuan et al. [35] reported that, pulmonary and bronchial
artery may be differentiated. Pulmonary arteries show a tree-
like pattern, their branches centrifugally course [36,37].
In the current study, the degree of impaired perfusion is clo-
sely related to the severity of lung necrosis (P value < 0.001).
A signiﬁcant changes was seen also, in the ﬂow pattern in com-
parison to severity of necrosis by CT (P value = 0.038).
Shen-Hao Lai et al. reported that in contrast to enhanced
CT imaging, the presence of a poorly perfused area residing
within the consolidated lung tissue remains the principal char-
acteristic of necrotizing changes. Because a consolidated lung
tissue is highly conspicuous in ultrasound, LUS can easily
identify tissue liquefaction after necrosis (HL) [19,38,39].
Shen-Hao Lai et al. [19] noticed that in a complicated NP,
massive necrosis and loss of blood supply result in persistent
Table 5 Correlation between oxygen saturation and hospital
stay, degree of perfusion and degree of necrosis.
SO2
r p
Hospital stay (days)a 0.551 0.001*
Necrosis (CT)b 0.447 0.012*
Perfusion (Doppler US)b 0.425 0.017*
a Pearson’s correlation.
b Non-parametric Spearman’s rho correlation.
* P 6 0.05 = signiﬁcant.
Table 6 Correlation between hospital stay days, degree of
perfusion and degree of necrosis.
Hospital stay
r p
Necrosis (CT) 0.620 <0.001*
Perfusion (Doppler US) 0.609 <0.001*
Non-parametric Spearman’s rho correlation.
* P 6 0.05 = signiﬁcant.
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quently, we also found, the severity of necrosis in CT imaging
and impaired perfusion by LUS was closely related to longer
hospitalization as P< 0.001 and poor out come as increase
severity of hypoxemia. By contrast, the absence of these
LUS features, especially that of decreased-to-poor perfusion,
indicate the absence of NP in patients and a more favorable
clinical outcome [19].
Also, in the current work, quantitative CDS values revealed
no statistically signiﬁcant differences in RI and PI values
between various degrees of necrosis as the majority were
triphasic ﬂow.
Yuan et al. [35] ﬁrst performed quantitative CDS impe-
dance measurements of FS by means of spectral curve analysis.
They showed sensitivity and speciﬁcity greater than 95% for
differentiation of benign from malignant lesions with the use
of the RI and PI [35]. Many authors correlated the high-
impedance ﬂow in atelectases and pneumonias with the ﬂow
in PAs [35,40–42].
In current study, by LUS hypoechogenic lesions with inter-
nal echoes and low or no ﬂow signal were detected in 7 cases
(22.6%). In addition empyema was in two cases. As regards
the detection of abscess with effusion, by CXR the sensitivity
decreased to 50%, and Kappa = 0.652, while using LUS it
was almost in perfect agreement with CT ﬁndings (K= 1).
These ﬁndings were similar to those of Gorg [42]. Multiple
studies have shown lung ultrasound imaging to be more accu-
rate than chest radiography and in some cases rivals the accu-
racy of computed tomography (CT), such as in the diagnosis of
lung abscesses [26].
West and Wagner noticed that, by CDS, lung abscess is sur-
rounded by the consolidated lung parenchyma, so we assume
that the air-ﬂuid abscess may be encircled by pulmonary vas-
culature. Thoracic empyema, by comparison, is deﬁned as
pus in the pleural cavity. Compression of the adjacent lung
by empyema may cause a local reduction of blood ﬂow [43].Additionally, there are some advantages to sonography
that make ultrasound cooperate with CT scanning in differen-
tiating lung abscess from empyema. First, ultrasound is per-
formed in real time. Second, the device is portable and its
use convenient; diagnostic and therapeutic procedures can be
performed at bedside for patients who are critically ill [44].
Third, color Doppler ultrasound is the only imaging modality
capable of assessing the vessel signals in peripheral lung
abscess.
Conclusion
LUS is a valid alternative for the diagnosis of pneumonia.
LUS has good sensitivity and speciﬁcity in diagnosing
pneumonia and reducing the need for CT, as well as reduces
time to diagnosis. Moreover, it helps in identifying necrotizing
changes and predicting poor outcome.
The presence of pulmonary arteries’ ﬂow pattern is an
indicative of benign lesions.
This study has some limitations. First, the study was con-
ducted on a small number of cases of pneumonia. Also it
didn’t include the cases of pneumonic lesions which do not
extend to the accessible pleural line or are hidden behind bony
structures.
Recommendations
On the basis of the ﬁndings of this study, we recommend the
routine application of LUS in adults with severe pneumonia
especially in pregnant, bedridden and in resource-limited set-
tings where CXR machines are not currently available.
A meta-analysis of the studies dealing with the sonographic
diagnosis of CAP should also be performed.
Conflict of interest
The authors declare that there is no conﬂict of interest.
References
[1] T.L. Wiemken, P. Peyrani, J.A. Ramirez, Global changes in the
epidemiology of community-acquired pneumonia, Semin.
Respir. Crit. Care Med. 33 (2012) 213–219.
[2] J. Almirall, I. Bolı´bar, J. Vidal, G. Sauca, P. Coll, B. Niklasson,
M. Bartolome´, X. Balanzo´, Epidemiology of community-
acquired pneumonia in adults: a population-based study, Eur.
Respir. J. 15 (2000) 757–763.
[3] S. Ewig, N. Birkner, R. Strauss, E. Schaefer, J. Pauletzki, H.
Bischoff, P. Schraeder, T. Welte, G. Hoeffken, New perspectives
on community-acquired pneumonia in 388 406 patients. Results
from a nationwide mandatory performance measurement
programme in healthcare quality, Thorax 64 (2009) 1062–1069.
[4] G. Volpicelli, M. Elbarbary, M. Blaivas, et al, International
Liaison Committee on Lung Ultrasound (ILC-LUS) for
International Consensus Conference on Lung Ultrasound
(ICC-LUS): international evidence-based recommendations for
point-of-care lung ultrasound, Intensive Care Med. 38 (2012)
577–591.
[5] L.A. Mandell, R.G. Wunderink, A. Anzueto, et al, Infectious
Diseases Society of America/American Thoracic Society
consensus guidelines on the management of community-
acquired pneumonia in adults, Clin. Infect. Dis. 44 (Suppl. 2)
(2007) S27–S72.
498 M.M. Elkholy et al.[6] J.P. Metlay, M.J. Fine, Testing strategies in the initial
management of patients with community-acquired pneumonia,
Ann. Intern. Med. 138 (2) (2003) 109–118.
[7] M.N. Albaum, L.C. Hill, M. Murphy, et al, Interobserver
reliability of the chest radiograph in community-acquired
pneumonia, Chest 110 (2) (1996) 343–350.
[8] J.R. Mayo, J. Aldrich, N.L. Muller, Radiation exposure at chest
CT: a statement of the Fleischner Society, Radiology 228 (2003)
15–21.
[9] D.J. Brenner, E.J. Hall, Computed tomography – an increasing
source of radiation exposure, New Eng. J. Med. 357 (2007)
2277–2284.
[10] W. Ding, Y. Shen, J. Yang, X. He, M. Zhang, Diagnosis of
pneumothorax by radiography and ultrasonography: a meta-
analysis, Chest 140 (2011) 859–866.
[11] D.A. Lichtenstein, Ultrasound examination of the lungs in the
intensive care unit, Pediatr. Crit. Care Med. 10 (2009) 693–698.
[12] A. Reissig, R. Copetti, G. Mathis, C. Mempel, A. Schuler, P.
Zechner, S. Aliberti, R. Neumann, C. Kroegel, H. Hoyer, Lung
ultrasound in the diagnosis and follow-up of community-
acquired pneumonia: a prospective, multicenter, diagnostic
accuracy study, Chest 142 (2012) 965–972.
[13] Hadeel M. Seif El Dien, Dalia A.K. Abd ElLatif, The value of
bedside Lung Ultrasonography in diagnosis of neonatal
pneumonia, Egypt. J. Radiol. Nucl. Med. 44 (2013) 339–347,
http://dx.doi.org/10.1016/j.ejrnm.2013.02.005.
[14] A. Reissig, C. Go¨rg, G. Mathis, Transthoracic sonography in
the diagnosis of pulmonary diseases: a systematic approach,
Ultraschall Med. 30 (2009) 438–454, http://dx.doi.org/10.1055/s-
0028-1109703.
[15] K. Doi, Computer-aided diagnosis in medical imaging: historical
review, current status and future potential, Comput. Med.
Imaging Graph. 31 (4-5) (2007) 198–211.
[16] F. Corradi, L. Ball, C. Brusasco, et al, Assessment of
extravascular lung water by quantitative ultrasound and CT in
isolated bovine lung, Respir. Physiol. Neurobiol. 187 (3) (2013)
244–249.
[17] C. Francesco, B. Claudia, G. Alessandro, P. Francesco, B.
Lorenzo, S. Gregorio, P. Paolo, A. Fiorella, V. Antonella, B.
Vito, Quantitative analysis of lung ultrasonography for the
detection of community-acquired pneumonia: a pilot study,
BioMed Res. Int. 2015 (2015) 8, http://dx.doi.org/10.1155/2015/
868707 868707.
[18] C.H. Cheng, Y.K. Tsau, S.Y. Chen, T.Y. Lin, Clinical courses
of children with acute lobar nephronia correlated with computed
tomographic patterns, Pediatr. Infect. Dis. J. 28 (2009) 300–303,
http://dx.doi.org/10.1097/INF. 0b013e31818ffe7d.
[19] Shen-Hao Lai, Kin-Sun Wong, Sui-Ling Liao, Value of lung
ultrasonography in the diagnosis and outcome prediction of
pediatric community-acquired pneumonia with necrotizing
change, PLoS One (2015 June 18), http://dx.doi.org/10.1371/
journal.pone.0130082.
[20] C. Go¨rg, T. Bert, Transcutaneous color Doppler sonography of
lung consolidations. Review and pictorial essay. Part 2: colour
Doppler sonographic patterns of pulmonary consolidations,
Ultraschall Med. 25 (2004) 285–291.
[21] J.E. Wipf, B.A. Lipsky, J.V. Hirschmann, et al, Diagnosing
pneumonia by physical examination: relevant or relic?, Arch
Intern. Med. 159 (1999) 1082–1087.
[22] A. Reissig, A. Gramegna, S. Aliberti, The role of lung
ultrasound in the diagnosis and follow-up of community
acquired pneumonia, Eur. J. Intern. Med. 23 (5) (2012) 391–397.
[23] A. Pande, S. Nasir, A.M. Rueda, R. Matejowsky, J. Ramos, S.
Doshi, et al, The incidence of necrotizing changes in adults with
pneumococcal pneumonia, Clin. Infect. Dis. 54 (2012) 10–16,
http://dx.doi.org/10.1093/cid/ cir749.
[24] A. Reissig, C. Kroegel, Sonographic diagnosis and follow-up of
pneumonia: a prospective study, Respiration 74 (2007) 537–547.[25] M. Sperandeo, V. Carnevale, S. Muscarella, G. Sperandeo, A.
Varriale, P. Filabozzi, M.L. Piattelli, V.D. Alessandro, M.
Copetti, F. Pellegrini, L. Dimitri, G. Vendemiale, Clinical
application of transthoracic ultrasonography in inpatients with
pneumonia, Eur. J. Clin. Invest. 41 (2011) 1–7.
[26] Michael Blaivas, Lung Ultrasound in evaluation of pneumonia,
J. Ultrasound Med. 31 (2012) 823–826.
[27] F. Cortellaro, S. Colombo,D.Coen, P.G.Duca, Lungultrasound
is an accurate diagnostic tool for the diagnosis of pneumonia in
the emergency department, Emerg. Med. J. 29 (2012) 19–23.
[28] J. Kurian, T.L. Levin, B.K. Han, B.H. Taragin, S. Weinstein,
Comparison of ultrasound and CT in the evaluation of
pneumonia complicated by parapneumonic effusion in
children, AJR Am. J. Roentgenol. 193 (2009) 1648–1654.
[29] M.A. Chavez, N. Shams, L.E. Ellington, et al, Lung ultrasound
for the diagnosis of pneumonia in adults: a systematic review
and meta-analysis, Respir. Res. 15 (1) (2014) 50.
[30] A. Lichtenstein, N. Lascols, G. Mezie`re, A.r. Gepne,
Ultrasound diagnosis of alveolar consolidation in the critically
ill, Intensive Care Med. 30 (2) (2004) 276–281.
[31] A.G. Brixey, Y. Luo, V. Skouras, A. Awdankiewicz, R.W.
Light, The efﬁcacy of chest radiographs to detect
parapneumonic effusions, Respirology 16 (2011) 1000–1004.
[32] D. Garg, L.B. Johnson, S. Szpunar, J.T. Fishbain, Clinical value
of chest computerized tomography scans in patients admitted
with pneumonia, J. Hosp. Med. 9 (7) (2014) 447–450.
[33] W.H. Hsu, Y.H. Yu, C.Y. Tu, et al, Color Doppler US
pulmonary artery vessel signal: a sign for predicting the benign
lesions, Ultrasound Med. Biol. 33 (2007) 379–388.
[34] P.C. Yang, K.T. Luh, D.B. Chang, et al, Ultrasonographic
evaluation of pulmonary consolidation, Am. Rev. Respir. Dis.
146 (1992) 757–762.
[35] A. Yuan, D.B. Chang, C.J. Yu, S.M. Kuo, K.T. Luh, P.C. Yang,
Color Doppler sonography of benign and malignant pulmonary
masses, AJR Am. J. Roentgenol. 163 (1994) 545–549.
[36] A. Yuan, P.C. Yang, L. Lee, et al, Reactive pulmonary artery
vasoconstriction in pulmonary consolidation by color Doppler
ultrasonography, Ultrasound Med. Biol. 26 (2000) 49–56.
[37] W.H. Hsu, C.D. Chiang, C.Y. Chen, et al, Color Doppler
ultrasound pulsatile ﬂow signals of thoracic lesions: comparison
of lung cancer and benign lesions, Ultrasound Med. Biol. 24
(1998) 1087–1095.
[38] J. Kurian, T.L. Levin, B.K. Han, B.H. Taragin, S. Weinstein,
Comparison of ultrasound and CT in the evaluation of
pneumonia complicated by parapneumonic effusion in
children, Am. J. Roentgenol. 193 (2009) 1648–1654, http://dx.
doi.org/10.2214/AJR.09.2791.
[39] C.Y. Chiu, K.S. Wong, S.H. Lai, Y.H. Huang, M.H. Tsai, Y.C.
Lin, Peripheral hypoechoic spaces in consolidated lung: a
speciﬁc diagnostic sonographic ﬁnding for necrotizing
pneumonia in children, Turk. J. Pediatr. 50 (2008) 58–62.
[40] C. Gorg, U. Seifart, K. Gorg, G. Zugmaier, Color Doppler
sonographic mapping of pulmonary lesions: evidence of dual
arterial supply by spectral analysis, J. Ultrasound Med. 22
(2003) 1033–1039.
[41] G. Civardi, F. Fornari, L. Cavanna, et al, Vascular signals from
pleura-based lung lesions studied with pulsed Doppler
ultrasonography, J. Clin. Ultrasound 21 (1993) 617–622,
http://dx.doi.org/10.1002/jcu.1870210908 (online: 2 Dec 2005).
[42] C. Go¨rg, Transcutaneous contrast-enhanced sonography of
pleural-based pulmonary lesions, EJR 64 (2007) 213–221.
[43] J.B. West, P.D. Wagner, Ventilation, blood ﬂow and gas
exchange, in: J.F. Murray, J.A. Nadel (Eds.), Textbook of
Respiratory Medicine, third ed., Saunders, Philadelphia, 2000,
pp. 55–89.
[44] J.P. McGahan, M.W. Anderson, J.P. Walter, Portable real-time
sonographic and needle guidance systems for aspiration and
drainage, AJR Am. J. Roentgenol. 147 (1986) 1241–1246.
